Introduction
The College of Forestry at Oregon State University (OSU) manages the 4600-hectare McDonald-Dunn teaching, demonstration, and research forest on the western edge of Oregon's Willamette Valley. The College Forest sits near the city of Corvallis, a politically liberal town of 50,000 people and the home of OSU. Researchers and teachers throughout the University use the College Forest, and it receives at least 150,000 recreational visits each year. Timber harvest produces revenue to maintain and operate the forest, and to meet special College instructional and research needs.
Creating the Forest Plan
The primary mission of the College Forest is to support teaching, research, and extension. In addition, the College has many other goals for this forest including revenue generation, accommodation of recreation use, and conservation of biodiversity.
In 1993, an interdisciplinary group of faculty from the university was convened to create a long-term plan after people began to question the management of the forest, especially clear cut harvest. The faculty group developed a plan that divided the forest into three zones, each with a different management theme. The northern part of the forest, away from Corvallis, was allocated to a short-rotation, even-aged regime. Even-aged, two-story regimes designed to protect sensitive parts of the viewshed were put in place in the central zone, and the southern-most part of the forest, most heavily used by both recreationists and university instruction because of its proximity to Corvallis, was to be managed with uneven-aged treatments designed to accelerate the development of mid-to late-seral forest conditions. Unique areas that have special teaching uses and old growth conifer forests were identified and withdrawn from timber harvest.
Forest Inventory
Among public forests in the Pacific Northwest, the College Forest is unique in its ability to accurately portray the potential outcomes from a harvest scheduling analysis because of the Forest's stand level inventory. Most public forests base their inventory estimates on class averages which introduces two problems: (1) it is difficult to apply these estimates to individual stands, and (2), when actual volumes harvested differ from estimated inventory volumes (for the same prescription), there is no way to distinguish whether the difference is due to an atypical stand, or to bias in the inventory itself. The OSU stand level inventory overcomes these problems.
A grid of permanent inventory plots was originally installed on the forest in the early 1980's and a subset of the plots has been remeasured in subsequent years. The sampling intensity varies from 4.95 sample points per hectare in regeneration to 0.62 sample points per hectare in old growth forest. As regeneration stands mature, the number of plots measured drops down to what is needed for the desired sampling error. Each sample tree is measured for diameter, total height and height to live crown. Many of these stand-level design features reflect common features of stand-level cruises used throughout the region.
Permanent plots provide the foundation for monitoring traditional and non-traditional silvicultural treatments as well as changes in ecosystem structure and function. They also provide data sets for validating and, if necessary, recalibrating the stand development model (Marshall et al., 1997) , and can be augmented with temporary plots to get higher levels of precision. Although an inventory built from permanent plots costs more to install than one based on temporary plots, after the initial plot installation costs have been absorbed, remeasurement costs per plot decrease, and subsets of the plots are useful for monitoring other plant and animal species or communities.
Stand Development Model
When the inventory was initially installed, past growth rates were reconstructed for 136 stands to calibrate the ORGANON stand development model (Hann, 2003) . The stands used for calibration had not been treated for the previous five years, had significant basal area in the two target species of Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) and grand fir (Abies grandis (Dougl.) Lindl.), and they covered as wide a range in site index, age and density as possible.
ORGANON is a single-tree, distance-independent model (Munro, 1974) that incorporates crown attributes in many of its functions. It can predict future development, and resulting wood-quality attributes, of even-aged and uneven-aged stands with pure or mixed-species composition. In addition to a large number of cutting alternatives, treatments can include fertilization and pruning. During simulation, new trees can be added through an ingrowth routine (Marshall et al., 1997) .
Applied to an existing stand, ORGANON takes the initial sample of trees from the inventory, a stand age, and site index (King, 1966) and predicts how each sample tree's diameter, total height, height to crown base, and expansion factor (number of trees per unit area that the tree represents) will change given a species specific diameter growth rate (Zumrawi and Hann, 1993) , height growth rate , height to crown base (Zumrawi and Hann, 1989) , and mortality rate equations , respectively. Individual tree records are aggregated to provide stand-level information. The resulting model has been validated with 30 years of independent remeasurement data from four local growth-and-yield installations.
Harvest Scheduling
A harvest schedule based on the different management themes was developed for the plan. In this analysis, each stand was simulated using every treatment that might occur for a 100-year period with the ORGANON growth and yield model (Hann, 2003) . The simulations were then passed to the FORPLAN linear programming harvest scheduling model (Johnson et al., 1986) , which created solutions linked to the GIS stands layer. After working with the forest planning team, a tentative harvest schedule was produced for the forest staff to implement.
Plan Implementation
Spotted Owls Arrive Shortly after this plan was finalized and implementation began, a pair of northern spotted owls (Strix occidentalis) began nesting in the south zone of the forest. Because northern spotted owls are listed as a 'threatened' species under the U.S. Endangered Species Act, implementation of the plan could not occur if it meant harming the owls or adversely affecting their habitat. According to guidelines issued by the U.S. Fish and Wildlife Service (USFW), northern spotted owls need at least 40% suitable nesting, roosting and foraging habitat (NRF) within 2.4 kilometres (the home range) of their nest site.
The evaluation of spotted owl habitat within the forest around the nest site required the development of a definition that fit our forest type, based on the known ecology of the spotted owl. The main components of this habitat are nesting, roosting, foraging and dispersal. Based on inventory data from stands that the owls appeared to be using, a definition of nesting, roosting, and foraging habitat (NRF) was crafted around three main variables: (1) crown closure must be greater than 55%, (2) the quadratic mean diameter of trees over 15.2 cm (6 in.) must be greater than or equal to 30.5 cm (12 in.), and (3) there must be at least 14.8 trees per hectare (6 trees per acre) greater than 76.2 cm (30 in.) diameter breast height (Bettinger, et al., 2003) .
When this definition of NRF was applied back to the stand data for the south zone of the forest, there was less than the 40% required under the USFW guidelines within the recommended home range. To compare this estimate to the amount of habitat in the actual home range for this owl pair, radio telemetry data was collected for one full year. This confirmed that our definition was identifying primarily stands that the owls were using and that the actual home range was similar to the USFW 2.4 kilometre home range circle. This definition guided the first decade of plan implementation and efforts to develop alternative plans for suitable owl habitat.
Other Surprises
Other things also happened that influenced the harvest schedule. A research project on uneven-aged treatments was superimposed on stands in the central zone that originally had been allocated to 2-story regimes. Management of forested lands in two agricultural farms was transferred from the College of Forestry to the College of Agriculture. Field foresters sometimes chose different stands or prescriptions than those scheduled because of logistical problems. Costs associated with some types of logging were higher than anticipated. Finally, an increase in revenue was required towards the end of the 10-year planning period because of financial difficulties in the College of Forestry.
Comparison of Planned and Actual Harvest Schedule
How well did College Forest staff implement the planned harvest schedule on the 10-year life of the plan? On a year-to-year basis, the harvest showed significant oscillation as the forest staff coped with changing conditions, surprises, and markets. Overall, though, the staff did surprisingly well in meeting plan targets:
• Harvest level. The scheduled annual harvest was 4.1 MMBF while the actual average annual harvest for the decade was 4.5 MMBF.
• • Acres harvested by treatment type. Clearcut acres for the decade were slightly higher than scheduled and thinning and uneven-aged treatments were slightly lower than planned.
• Volume harvested by treatment type. The volume harvested by treatment type for the decade was close to plan estimates, although some individual stand estimates were better than others.
• Stands selected for harvest. Shifts occurred in many places, in response to events and field information, but these changes maintained the general amount and distribution of harvest among treatment types.
Despite the many unforeseen events that occurred during the plan decade, College Forest staff were able to meet the plan targets for harvest that included a significant amount of clearcutting. How was this possible while other public forest plans floundered in the 1990s? Three major factors made this possible. First, the College Forest Plan, as written, was feasible to implement due to the stand-level inventory which enabled a confident statement of the timber outputs that would be associated with various activities. Other public forest plans, based on forest-level inventories, could not identify the spatial location where their harvest volume will come from, making the plans difficult to adjust. Second, the ability of the public to challenge activities was much more limited on the College Forest as compared to federal forests. Citizen class-action lawsuits, the backbone of environmental challenge on federal forests, would be difficult to bring on the College Forest, which legally is treated similarly to private land. Third, and related to the second factor, the forest manager and staff had wide latitude to quickly adjust the schedule as they saw fit, as long as they abided by the goals and standards for the different themes and allocations outlined in the plan.
Contributions of the Inventory to Planning and Implementation
The stand level inventory linked to the ORGANON growth and yield model has served as an invaluable data source for managing the College of Forestry's research properties. Over the past decade, these tools have been critical for:
• Calculating and displaying a harvest schedule • Providing credible growth and yield estimates to forest decision makers and forest users • Quickly evaluating changes in harvest volume due to modifications of the harvest schedule • Dampening the 'we are out of places to cut' reaction that can affect plan implementation • Enabling construction of a habitat model for northern spotted owls using which helped us understand where and what we could harvest.
